Six Oriental cultivars of Vitis vinifera, which are native to Japan or China, as well as 2 cultivars of V. labrusca as references, were characterized by 6 microsatellite markers with coded reference alleles. One allele in Oriental cultivars and 3 in V. labrusca have not been reported for Occidental cultivars. Assignment analysis using these data and reported data with grouping of V. labrusca, Oriental cultivars, and vine-growing regions of Occidental cultivars showed that 4 out of 8 Oriental cultivars, but only 3 out of 162 Occidental cultivars, were assigned to Oriental cultivars. These assignments are in accordance with the genetic distances calculated from microsatellite data. These results show that Oriental cultivars have a certain degree of genetic difference from Occidental cultivars within the species V. vinifera.
Introduction
Cultivars of V. vinifera are eco-geographically classified into 3 proles (convar.): pontica, orientalis, and occidentalis (Negrul, 1938) . This classification is supported by a cluster analysis of 222 cultivars of V. vinifera based on simple sequence repeat (SSR) analysis (Aradhya et al., 2003) . Occidental cultivars, which include major wine cultivars, have been well characterized by DNA markers (Sefc et al., 2000) .
Oriental cultivars are believed to have originated in an ancient oasis and possess firm flesh and long or irregular berries. This group of cultivars includes table grapes, e.g., 'Muscat of Alexandria', and seedless grapes, e.g., 'Sultanina'. In addition, Oriental cultivars are considered to include Chinese and Japanese native cultivars, which probably propagated along the Silk Road. Chinese and Japanese cultivars have adapted to the East Asian climate and are considered to be important genetic resources of grapevine.
Previous cluster analyses based on random amplified polymorphic DNA (RAPD, Goto-Yamamoto et al., 1998) , amplified fragment length of polymorphic DNA (AFLP, Goto-Yamamoto, 2000) , and microsatellite data (Goto-Yamamoto et al., 2006) showed that Oriental cultivars form a separate cluster from that of Occidental cultivars and that these 2 clusters together form a higher cluster of V. vinifera. These results support the classification mentioned above; however, the number of Occidental and Oriental cultivars analyzed was limited.
Although it would be desirable to increase the number of Japanese and Chinese cultivars, this is a difficult task because there are only 2 native cultivars at present in Japan, 'Koshu' and 'Koshu-Sanjaku', which means that Japanese vinifera cultivars have a only small gene pool. In addition, only a limited number of Chinese native cultivars are available in Japan. While microsatellite data of only a limited number of Oriental cultivars, particularly East Asian cultivars, have been reported, we have microsatellite data of many Occidental cultivars. Thus, to characterize Oriental cultivars more thoroughly, we here report coded SSR data using a standard set of reference alleles, and the results of assignment tests between Occidental and Oriental cultivars using our data and reported data.
The reference microsatellite allele system was proposed by a multinational research team (This et al., 2004) to overcome the problem that microsatellite data of base pairs (bp) of the same cultivar with the same marker often differ among laboratories, and to increase the comparability of microsatellite profiles. This et al. (2004) proposed converting microsatellite data in bp to a code with the abbreviated name of the reference cultivar that possesses the same microsatellite locus and a number, 1 or 2, which indicates a shorter or longer fragment, respectively. They also proposed using 6 markers which have been widely used and are highly polymorphic to characterize newly analyzed cultivars. Following their suggestion, we report coded microsatellite data with 6 markers for 2 Japanese and 4 Chinese cultivars as well as 2 cultivars of V. labrusca.
An assignment test is a form of discriminate analysis. Each cultivar in a group (prole or geographic region) is assigned to the group in which its genotype has the greatest probability of occurring. In grapevine research, Sefc et al. (2000) reported from microsatellite data of 164 European cultivars that genetic differentiation among cultivars from different regions was significant, even though the difference among regions was not definitive as in a higher taxon. They also reported that cultivars could be assigned stochastically to their regions of origin according to their genotypes. Similarly, we carried out the assignment test using our data of Oriental cultivars and reported data of Occidental cultivars to test whether Oriental cultivars have a different gene pool from Occidental cultivars.
Materials and Methods

Plant materials
Four Chinese vinifera cultivars: 'Baijixin', 'Huotianhong', 'Ryugan' ('Longan'), and 'Niunai', as well as a Japanese vinifera cultivar, 'Koshu', were obtained from the Uehara Grape and Vine Research Institute (Kofu, Japan) and kept in an experimental vineyard in Higashi-Hiroshima, Japan. Young leaves of another Japanese cultivar, 'Koshu-Sanjaku', were supplied by Suntory Ltd. (Kai, Japan). Another clone of 'Ryugan' and its related cultivar, 'Zenkoji', were supplied by Nagano Chushin Agricultural Experiment Station (Shiojiri, Japan) and Komoro Winery of Mann's Wine Co., Ltd. (Komoro, Japan), respectively. Two cultivars of V. labrusca, 'Portland' and 'Concord', were supplied by Yamanashi Fruit Tree Experiment Station (Yamanashi, Japan) and Alps Co., Ltd. (Shiojiri, Japan), respectively. Even though it is reported that 'Concord' obtained minor genetic traits of V. vinifera through its breeding process, this cultivar was regarded as V. labrusca in this report (http://www.ngr.ucdavis.edu/ varietylist.cfm, December 8, 2008).
Microsatellite analysis
For profiling with reference microsatellite alleles, 6 markers: VVS2 (Thomas and Scott, 1993) , VVMD5 and VVMD7 (Bowers et al., 1996) , VVMD27 (Bowers et al., 1999) , and VrZAG62 and VrZAG79 (Sefc et al., 1999) , were used. For assignment analysis, 4 additional markers: VrZAG21, VrZAG47, VrZAG64, and VrZAG83 (Sefc et al., 1999) , were used. One primer of each pair was labeled with fluorescent dye, and the amplicon was detected using the ABI Prism 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The detailed experimental conditions were the same as those in a previous report (Goto-Yamamoto et al., 2006) . Fragment length was calculated using GeneScan Analysis (Applied Biosystems), and data in bp were converted to a reference allele as reported by This et al. (2004) using 'Cabernet Sauvignon', 'Cabernet Franc', 'Chardonnay', 'Muscat of Alexandria', and 'Riesling' as references.
Assignment test
For the assignment test, microsatellite data in bp obtained in our laboratory were converted to the microsatellite data series reported by Sefc et al. (2000) . Similarly, microsatellite data of 'Muscat of Alexandria' and 'Sultanina' with VrZAG21, VrZAG27, VrZAG47, VrZAG62, VrZAG64, and VrZAG79 reported by Crespan and Milani (2001) were also converted using their data of 'Sangiovese' and 'Pinot nero' ('Pinot noir') as the references. The assignment test was carried out using the Assignment Calculator (http://www2. biology.ualberta.ca/jbrzusto/Doh.php, December 8, 2008) reported by Paetkau et al. (1995) . The distance between each population was also calculated using the Assignment Calculator (Paetkau et al., 1997) . This method takes the likelihood of genotypes into consideration to calculate genetic distances.
Results and Discussion
Profiling of Oriental cultivars and V. labrusca with reference alleles Microsatellite data in bp and reference alleles are shown in Table 1 . Two alleles in Oriental cultivars and 3 alleles in V. labrusca were not in the original list of the reference alleles (This et al., 2004) and are shown in (n + number) form. Among them, the (n + 2) allele of 'Niunai' with VVMD5 was reported for 'Veritas', a cultivar registered in the Czech Republic (Moravcova et al., 2006) . Three new alleles were found in only 2 cultivars of V. labrusca, which shows a genetic difference between V. vinifera and V. labrusca.
The (n + 45) allele of 'Ryugan' with VVS2 showed a small peak compared to another allele, which was ignored in our previous report (Goto-Yamamoto et al., 2006) . This peak, however, was detected at all times from another clone of 'Ryugan' and 'Zenkoji' with similar stutter peaks to those of another allele. 'Ryugan' obtained from Nagano Chushin Agricultural Experiment Station showed a different microsatellite profile with VrZAG79, which showed that 'Ryugan' has a slight variation within the cultivar. 'Zenkoji', a relative cultivar of 'Ryugan', showed the same result as 'Ryugan' of Nagano, which confirmed that 'Zenkoji' is a synonym of 'Ryugan'. The microsatellite data shown in Table 1 were used to calculate genetic distance and in the assignment test.
Genetic distances and assignment test
Genetic distances were calculated from microsatellite data with VVS2, VVMD5, VVMD7, VrZAG21, VrZAG47, VrZAG62, VrZAG64, VrZAG83, and VrZAG79 using the Assignment Calculator. The microsatellite data of V. labrusca and Oriental cultivars with VrZAG21, VrZAG47, VrZAG64, and VrZAG83, adjusted to the report of Sefc et al. (2000) , are shown in Table 2 . When the cultivars were grouped into V. labrusca and 2 proles of V. vinifera, the distance between Oriental and Occidental cultivars (2.810) was much smaller than the distance between V. labrusca and Oriental (8.670) or Occidental (14.415) cultivars. This result was in accordance with the classification of species and proles. When the cultivars were grouped into V. labrusca, Oriental cultivars, and vine-growing regions of Occidental cultivars (Table 3) , Oriental cultivars were far from French, Austrian/German, and Portuguese cultivars; however, the distances between Oriental cultivars and Croatian, Greek, Spanish, and Italian cultivars were similar to the distance between French and Austrian/German cultivars.
As a result of the assignment test with grouping of V. labrusca, Oriental cultivars, and vine-growing regions of Occidental cultivars (Table 4) , the majority of each group was assigned to their original group with some exceptions. Although none of Austrian/German, French, Portuguese, or Croatian cultivars was assigned to Oriental, 2 Greek and 1 Spanish cultivars were. Conversely, 1 ('Baijixin'), 2 ('Muscat of Alexandria' and 'Sultanina'), and 1 ('Koshu-Sanjaku') of Oriental cultivars were assigned to Croatian, Greek, and Spanish cultivars, respectively. In the case of 'Koshu-Sanjaku', the highest probability of assignment was Spanish cultivars, while the second was Oriental. Two cultivars of V. labrusca were assigned to V. labrusca, and none of the cultivars of V. vinifera was assigned to V. labrusca. These assignment results are in accordance with the results of the genetic distances mentioned above.
In a previous paper (Goto-Yamamoto et al., 2006) , Table 2 . Microsatellite data of V. labrusca and Oriental cultivar of V. vinifera adjusted to the report of Sefc et al. (2000) .
VrZAG21
VrZAG47 VrZAG64  VrZAG83   Koshu  194  206  159  163  141  141  157  194   Koshu-Sanjaku  194  200  163  172  141  159  194  200   Huotianhong  190  206  159  159  141  141  194  194   Ryugan  190  206  171  171  141  141  194  194   Baijixin  190  200  163  172  139  163  188  194   Niunai  202  206  172  172  143  159  194  194   Concord  206  206  163  163  141  141  159  188   Portland  206  206  163  163  141  141 188 188 Genetic distances were calculated using the Assignment Calculator (Paetkau et al., 1997) . The SSR data from French to Italian geographic groups were reported by Sefc et al. (2000) . The SSR data of 6 Oriental cultivars analyzed in this report and those of 'Muscat of Alexandria' and 'Sultanina' reported by Crespan and Milani (2001) Cultivars belonging to the group in the first column were assigned to the 9 groups using the Assignment Calculator (Paetkau et al., 1995) . The figures show the numbers of cultivars assigned to a respective group.
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Austrian/German French Portuguese Croatian
Greek Spanish Italian Oriental V. labrusca A u s t r i a n / G e r m a n 1 3 
